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Background
Survival among nursing home residents who suffers out-of-hospital cardiac arrest (OHCA) is sparsely studied.
Deployment of automated external defibrillators (AEDs) in nursing home facilities in Denmark is unknown. We examined 30-day survival following OHCA in nursing and private home residents.
Methods
This register-based, nationwide, follow-up study identified OHCA-patients ≥18 years of age with a resuscitation attempt in nursing homes and private homes using Danish Cardiac Arrest Register data from June 1, 2001 to December 31, 2014 . The primary outcome measure was 30-day survival. Multiple logistic regression analyses were used to assess factors potentially associated with survival among nursing and private home residents separately.
Results
Of 26,999 OCHAs, 2,516 (9.3%) occurred in nursing homes, and 24,483 (90.7%) in private homes. Nursing home residents were older (median 83 (Q1-Q3: 75-89) vs. 71 (Q1-Q3: 61-80) years), had more witnessed arrest (55.4% vs. 43.4%), received more bystander cardiopulmonary resuscitation (CPR) (49.7% vs. 35 
Conclusions
Average 30-day survival after OHCA was very low in nursing home residents, but those who received early resuscitative efforts had higher chance of survival. Nursing home residents are often of high age and have significant comorbidity burden [1] [2] [3] [4] . As a consequence, it is often debated whether resuscitative efforts and placement of automated external defibrillators (AEDs) in nursing homes are futile [5] [6] [7] [8] [9] . Nursing homes are often located in community centers with 24/7 accessibility. Placement of AEDs in nursing homes can potentially benefit both nursing home and private home residents, as well as out-of-hospital cardiac arrests (OHCAs) occurring in public.
During the past decades, a shift has been made towards treating serious illnesses in the very old, offering intensive care treatment and invasive medical treatments to patients above 80 years of age [10, 11] . Increasing age is associated with lower 30-day survival after OHCA [1-4, 12, 13] . In Denmark, 30-day survival after OHCA among patients ≥80 years was 2.0% by 2011 [1] , and failed to increase significantly despite increasing bystander cardiopulmonary resuscitation (CPR) [1, [14] [15] [16] .
Survival after OHCA in nursing homes is not reported on a nationwide scale. Older studies report similar survival rates between nursing home residents and persons living in the community [7, 17, 18] . Recent studies from Osaka, Hong Kong, and Copenhagen report 30-day survival rates from 0.3% to 9% [12, 19, 20] .
Using Danish national administrative registries, we aimed to examine survival after OHCA in nursing homes in relation to private residential locations during 2001-2014. Although nursing home residents differ from patients in residential areas regarding demographic and clinical characteristics, they are more comparable than OHCA-patients in public locations [21] . In recognition of the differences between nursing home and private home residents, we analyzed the data from the two locations separately, analyzing factors associated with survival in each location. Following recent AED dissemination in Denmark, we assessed annual changes in newly registered AEDs in nursing homes and residential locations during 2007-2014 to put defibrillation rates in context to AED coverage in nursing home and other private locations. Finally, we examined 30-day
survival in an optimized scenario where bystanders witnessed the arrest, performed CPR, and bystanders and/or Emergency Medical Services (EMS) personnel delivered pre-hospital defibrillation. We compared the results to the opposite worst-case scenario (unwitnessed arrest, no bystander CPR, and no pre-hospital defibrillation), since these factors are commonly used in clinical practice when considering termination of resuscitation [9] .
Methods

Study setting
Nationwide OHCA-data between June [14] . Dispatcher-assisted CPR was provided when contacting the emergency medical dispatch center in the greater Copenhagen Area in 2009, and extended to a national level in 2011. The first publicly accessible AED was registered in the Danish AED Network in 2007, and since 2011, bystanders were able to locate the nearest registered AED using a free smartphone application, or when calling the emergency medical dispatch center [25] [26] [27] .
Recording of OHCAs
The Danish Cardiac Arrest Register [16] covers OHCAs where bystanders (layperson or healthcare worker) and/or EMS personnel initiate a resuscitation attempt, except cases with obvious signs of death. By contractual agreement, EMS personnel are obliged to complete a short case report form for every OHCA making case ascertainment close to complete.
Study population
We included patients with OHCA in nursing homes and private homes. We excluded patients with OHCA occurring in public or unknown locations, patients <18 years of age, and EMS-witnessed arrests.
Study design and data sources
We linked data from several national registries through each citizen's unique civil personal registration number used in all emergency, healthcare and social contacts in Denmark, and were able to follow each citizen through the registries. From the Danish AED Network [27] we included AED-registration date and information on AED-location. If the AED was located in a nursing home or elderly housing, the AED was categorized in nursing homes. If the AED
was located in private residential areas, apartment complexes, student and support housing, or other residential areas, the AED was categorized in private homes. We report the annual number of newly registered AEDs from 2007 to 2014.
From the Danish Civil Registration System [28] we included, and verified, information on patient age, sex, vitaland migration-status.
Comorbidities 10 years prior to OHCA were assessed using both the Danish National Patient Registry [29] , collecting discharge diagnosis codes of selected comorbidities (ischemic heart disease, heart failure, chronic obstructive pulmonary disease, diabetes, renal disease, cancer, stroke and dementia), and using the Danish National Prescription Registry [30] , collecting information on redeemed prescriptions for antidiabetic drugs.
Presumed cardiac etiology of arrest was assessed by retrieving information on death certificates from the Danish Registry of Causes of Death [31] , and discharge diagnosis codes from the index hospitalization from the Danish National Patient Registry. Patients with cardiac disease, unknown disease, or an unexpected collapse were categorized as presumed cardiac etiology. Patients with other medical conditions than mentioned above were defined as non-cardiac cause of arrest.
Since 1994 Statistics Denmark registered the home address of all citizens in Denmark, including nursing home admission date, and nursing home departure date [32] . Statistics Denmark uses a validated approach for identifying citizens in different types of nursing homes, both municipal and private. Briefly, addresses of all Danish residents aged ≥80 years is identified, and if more than six people aged ≥80 years are living on the same address, the address is linked to a registry of nursing home addresses under Statistics Denmark. If the address is not matched by this procedure, the number of persons <60 years of age living on the address is estimated.
If the ratio of elderly versus younger patients is above 4:1, the address was further searched on Google in order to check whether it matched a nursing home address [32] . 
A 2-sided P value <0.05 was considered statistically significant. Data management and statistical analyses were done using SAS version 9.4 (SAS Institute Inc) and R statistical software package version 3.3.3 [34] .
Results
Patients and characteristics
Of 45,293 OHCAs, we included 26,999 OHCAs, where 2,516 (9.3%) occurred in nursing homes and 24,483
(90.7%) in private homes ( Figure 1 Figure 2 . Results were similar after multiple imputation (Supplement eFigure 1).
Best-and worst-case scenarios in relation to survival
In nursing home residents, 135 patients met the best-case scenario criteria (witnessed arrest, bystander CPR, survival in the worst-case scenario was limited to 0.1% vs. 0.4% in the respective groups.
We found 30-day survival in nursing home residents to be 1.7%, which is substantially higher than 0.3-0.5% found in other studies reporting 30-day survival after OHCA in nursing home facilities [12, 20] . In contrast, AED is only useful in case of shockable heart rhythms, which we found to be limited to 7.6% of the nursing home population, and AEDs in nursing homes can be used on employees, visitors and community residents outside nursing homes, because nursing homes have 24/7 accessibility. We found that only 1.1% of the nursing home residents had received a shock from an AED before EMS arrival. It is widely accepted that the proximity of an AED will lead to increasing use and earlier defibrillation in cases of shockable heart rhythm, which in turn increases survival [26, [36] [37] [38] . Nonetheless, placement of AEDs in nursing homes underscores the importance of DNAR-orders to avoid futile resuscitation attempts.
Under the best circumstances, 30-day survival in nursing home residents with both witnessed arrest, bystander CPR, and pre-hospital defibrillation was 7.7% vs. 24.2% in private home residents. This supports AED deployment in nursing homes as well as private residential areas, although we emphasize the need for an active standpoint regarding DNAR-orders, especially in nursing homes. Conversely, if the arrest was unwitnessed, no bystanders performed CPR before EMS arrival, and no pre-hospital defibrillation was possible (non-shockable rhythm), chances of 30-day survival in both nursing homes and private homes were extremely low (0.1% vs. 0.4%), and termination of resuscitation seems appropriate in such circumstances.
A C C E P T E D M
A N U S C R I P T
Limitations
Our study has several limitations. First, the observational study design prevents us from drawing causal conclusions from the associations we found. Second, the Danish Cardiac Arrest Register does not contain data on quality nor length of bystander CPR, and some variables had missing values, especially pre-hospital defibrillation. However, we have no reason to assume that data with missing values were not missing at random. Results of multiple imputation analyses did not differ substantially from complete case analyses.
Third, we did not have access to data regarding cerebral performance status before and after OHCA, or information on disease severity of comorbidities and individual frailty, which could have provided further insights to the outcome and dilemma of resuscitating nursing home residents. We had insufficient data on inhospital care factors including therapeutic hypothermia and other post-resuscitation treatments that also may influence 30-day survival. We only had data on registered AEDs, the actual number of available AEDs in both locations may be higher. Finally, information on DNAR-orders in nursing home and private home residents was not available.
Conclusion
Survival after OHCA in nursing homes is low despite more bystander resuscitative efforts. A reason for this might be older age and higher comorbidity burden. An active standpoint regarding Do-Not-Attempt-Resuscitation in elderly, frail citizens is essential because of increasing resuscitation attempts in nursing home residents in recent years, concurrent with increasing AED deployment in nursing homes. In cases of witnessed arrest where bystanders performed CPR and pre-hospital defibrillation was delivered, 30-day survival was 7.7% in nursing home residents versus 24.2% in private home residents.
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